REMARKS 

Claims 1-3 were rejected under 35 U.S.C. §103(a) as being unpatentable over 
Applicant admitted prior art (AAPA) in view of Itou et al., U.S. Patent No, 6,556,260. 

Claims 4-5, 7-9, 12 and 16 were rejected under 35 U.S.C. §103(a) as being 
unpatentable over AAPA in view of Shirasaki et al., U.S. Patent No. 6,025,894 and Itou et al. 

Claim 1 8 was rejected under 35 U.S.C. § 1 03(a) as being unpatentable over Shirasaki 
et al. in view of Itou et al. 

Claims 10-11, 13-14, 17 and 19 were rejected under 35 U.S.C. §103(a) as being 
unpatentable over AAPA, Shirasaki et al. and Itou et al., and further in view of Avramenko et 
al., U.S. Patent No. 4,142,773. 

Applicant encloses herewith a Declaration Under 37 C.F.R. 1.131, which shows 
conception prior to March 15, 2000, the U.S. filing date of Itou et al., which is the effective 
date of Itou et al. as a reference, and dihgent reduction of the invention to practice, the 
reduction of the invention to practice being by the filing of the priority document herein, 
Japanese Patent Application No. 2000-125056, filed on April 26, 2000, a certified English 
translation of that priority document being attached to the Declaration. Based on conception 
prior to March 15, 2000, and diligent reduction to practice of the invention shown by the 
aforementioned Declaration, Itou et al. is overcome as a reference, and the pending rejections 
should be withdrawn, see Manual of Patent Examining Procedure, §715. 
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CLOSING 

An earnest effort has been made to be fully responsive to the Examiner's objections. 
In view of the above remarks, it is believed that independent claims 1,9, 16, and 18 are in 
condition for allowance, as well as those claims dependent therefrom. Passage of this case to 
allowance is earnestly solicited. 

However, if for any reason the Examiner should consider this application not to be in 
condition for allowance, he is respectfully requested to telephone the undersigned attomey at 
the number listed below prior to issuing a further Action. 

Any fee due with this paper, not fully covered by an enclosed check, may be charged 
on Deposit Account 50-1290. 

Respectfully submitted, 




Enclosure: Declaration Under 37 C.F.R. 1.131 



CUSTOMER NO.: 026304 

Phone No.: (212) 940-8687 
Fax No.: (212) 940-8986/7 
DOCKET NO.:NECN 18.617 

MIM:Ih 
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rnev Docket No.:NECN 18.617 (100933-16782) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Ichiro FUJIEDA 
09/842,580 
April 26, 2001 

LIQUID CRYSTAL DISPLAY DEVICE HAVING 
A FRONT LIGHT UNIT 



Serial No. 

Filed: 

Title: 



Examiner: 
Group Art Unit: 



Mike Qi 
2871 



Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 



DECLARATION UNDER 37 C.F.R. 1.131 



SIR: 



I, Ichiro Fujieda, inventor named in the above-captioned application, declare as follows: 
1. The invention for which a patent is sought in the above-captioned application was 
conceived prior to March 15, 2000, as evidenced by a Japanese language Employee's Invention 
Report- Assignment-Opinion dated February 14, 2000, and a draft specification by the inventor 
referred to in the Employee's Invention Report-Assignment-Opinion are attached hereto 
respectively as Exhibits "A" and "B". English translations of the Employee's Mvention Report- 
Assignment-Opinion and the draft specification by the inventor are also attached hereto 
respectively as Exhibits "C" and "D". 
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2. The invention disclosed in the above-mentioned draft specification by the inventor was 
dihgently reduced to practice. 

3. Evidence of the diligent reduction of the invention to practice includes a request for the 
drafting of a patent application from NEC Corporation, the assignee of the above-captioned 
application, to the Yanagav^a Patent Firm, dated March 2, 2000. The Japanese language original 
of this request for the drafting of a patent application is attached hereto as Exhibit "E", and the 
English translation thereof is attached hereto as Exhibit "F". In addition, the Japanese language 
original of an approval of the draft specification by the inventor, dated April 21, 2000, is 
attached hereto as Exhibit "G", and the English translation thereof is attached hereto as Exhibit 

4. An English translation of the priority document filed herein, Japanese Patent Application 
No. 2000-125056, along with a certification of that translation, the priority document being filed 
on April 26, 2000, is attached hereto as Exhibit "J". 

I fiirther declare that all statements made herein are of my own knowledge are true and all 
statements made on information and belief are believed to be true; and fiirther, these statements 
were made with the knowledge that willfiil false statements and the like so made are punishable 
by fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code, and 
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that such willful false statements may jeopardize the validity of the above reference application 
or any patent issuing thereon. 



Ichiro FUJIEDA 



CUSTOMER NO.: 026304 

Phone No.: (212) 940-8687 
Fax No.: (212)940-8986/7 
DOCKET NO.:NECN 18.617 

MIM:lh 
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:^mmit, m^mm. m^mm^m. y-h/N°v3>. ^(Dmrnzmm^mm^B^^msnzmr^hcD 
X. mz, m&jjftmtLxyuyh^^ h^m^^tz^mmf^^m^'mwuzmr^hox&^o 

0. #W¥ll-326903. ^CW^Snxv^So ::n5.07 n y h ^-T h *fflV^fcSI^M?e^a*5^^■^3-:^V^ 

X. <i^m2ooo-2m8iz^^^nx\^^m^^mizmi,fxm.mt^o ^^(Dyuy\^^^ i-^m^^tzKmm 

jax^fi^sn^o 7ny h v-r h iiofi. j^^Mt. fe^v^^±. ^ytv^ 7i--h'(iEd)m^mwzm^\Lx 
m^LtzBit^yemu^. m-ytmi2(DmmzmmLxm^^ti^o w.iz, za^mxa. m^m^'^mm 
izM\^Lt£\,^m(Dmytm\2(Dmm\zm^v<(Dmi:^mL. ^iz^(D±^iz%m3U\i3^mBi-r^o 

mmtaT<DmK)xi)^o ytmiwij^ib^^ibntzytit. #^^*:ii2c9fio®ii2aA>?jrtgp-\'gAL. ^mm 
mbxm^^mw^ntzmz. ffii^®ii2c*-e>&aisnT. i^M^mmmizA^-r^o m^m^mmi 
2ocAitL/i^ti. mytw.124. &-mm:mi25. mm&m24. m^m^miz^MLtzmzKm^umx 
sitsn. RMytii.zh.^(o^u^'^(Dmizm'MLx. ?g[A^5^SKi2o*^e>stai$n-5o zzxmta^ 
n^yt(Dm\i. ^m^u\22(D±^\z:^^r^m^i^i^0mfi\yj\^izj:^xMn^n^(Dx, m^iz^m 
-r^mz^m^(DRm^Uizr3\,^xm^\\zmm-ti>ztx. BM(D/i^-y^min-r^zti)^x^i>o 
^BS^^«i207&>e.S[m$nyc%tt. y^yh^^ huo^'^mLtzmz, {^mm(D)m^^izm^o ^^z 

. m\2(Dm^X\i. ^i|gi5Mll3trctoTS*fBll2b®a®A5B&JhSn-5o 

EXHIBIT "B" 
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^tz. z(D^otj:yt^m'o}ii-ttzisboj±m.^ii. mmcD^yt^KMi'^xm^-r^t^izij. i^ytom^ 

o 

^tz. ^mt^<i>mii:^ntz^\t. i^^mm^mi-^)^\^Ltj:\,^'m^p^(Dmmib-fbijmriiii^rztb. yt(Dmm 
m^\i^^mM<Dm^Wimx-m.m\ztj:'=x\^^^^\z, ^r^i^a^^^cDt^sg^oDit^^. -gp 

:^^mit±m(Dmm<D^tiz^m^ntzh(Dx^K>. ^m&<i^-\zm^m^mm^mmx^, 
■r-5c:i:=&ge<ji: LTv^^o ^tz. ^"^-iy ^ jm^mm^m^fzRmmm^m^mm^is.z2 hxmm.-t 

(Dmw^m(Dmmmx^^zt^(^mtti>o 

mm^^(Dmm(D^ytmMi<Dmmyj\^tiAK m^izoxtji^^nm^GZ-rzu^^mnr^o 
mm Ltzmm^^msm±iz^T^z}i^nm.t'r^<. 

^^miz^^m^y^mm^m^mmmmwut. ±mmm^m0m^j:m\ mmmm±\zmmmm^ji^^ 
BSir^T.m^^iszt^<i^mtr^o 

Eiui. ^^mom-ommmiz^^^x. "^cD^^tmmwmii^nibo^mmt^m^^^izmLtzmmm 
x$>^o :^^m(Dm^H^^'^mnt. mHsOiz^-t^o^z. m^mm'^m:20izynyh^^h\o^m^xm 
^^n^o zzx. mHb)<Dmmmtz^-r^yiz. ^ay h^^r hio{±. m^&m\(D±{zmmm.mi2. 
*i^**i^4*>?>fiS^x^i? h o;u$ ^-ty^ (EL) W13. ^'^mw^mu^mizmm LxM^Lxm^^ti^ 
„ yay h h\Q<Dmmizit^mm\5jbm{i^n^o ^\z, ?ss^^^«20tt. m^<DRm^M22. m 
\^m23^mr^^mmm2\t:. ^ ^925. m\Hm25^m-r^m^mm27tx. m^24^i^A.Tm 

i^mm^^^rwiBBmx'&^o y ^ y h ^ ^ v \o0^mmmm4tt. Eist^sK-Tct^fiy <y v/a.^^c^)J^^^ 
T'^o. m.£^f^M-r^fztb(DmM.m(Di^'F7bm^irix\^^o m2<Dmxit. y a y h ^ ^ v \o(D^m. 
wm@i4<Dt^s— f^^m^mmQ(D4-^(Dm^izmi^^Lxm^inx\^i>o mizm^mzm-r^y 
iz. ^s?gm@i4A5iS*-rs®a0tt:^(igAT/jN$<-r^o m4it. h^-r MooEocm® 

4tzf^-tJ:yiz. mmmmi2itmmmmu(Dmmiz-'.mizm^^n. i&mmxh$>^^mimi3\zj:^x 
^^^^m\^x'i:(D±m^mt^n^o ^^KD^izm^^m^ y 3.-i^(D^mmmmi4it. mmmm2iim 
-r^zmttaw 

m<Dyt^mmm^F^\^xm^Lx h 
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^fi£(7)ifnT'^EIl(b)©«fiict3®fflT't-5o gnt>. gIl(a)T'ti#t3*miil3i: LXSkLTV^^*?. ^l&t,^ 
lZX'0^(Di^-S:i)m^X^^o Z(Dmx\i, ^(DSm&lzMl^^LX , ^MiiH50nm. 540nin. mm&SHz\f 

-'j^'t7A-^^. ^(Dun^. ±m(D'>^' h^'y7 7.9^MLxm^2oonm^mizM^Mm-t^^LxmBSc. 
r^o m^iz. *^ELSi3$r^^^sM*^e>Mii-rsg«;-c. ^mmim. ^mmm. ^ij^^ta^^m 

■^Tj\^=fym(D^?s^:h'7.x^m.^mmLx^±mt lx^^\^\ z<D^'?izLxmss.^ntzmmw.m\z 
i:Tmmmmut^^intz^mEimi3<Dmm\z. m^^mm. ^^^mmtLxmEE^wm-nt. 30 

\ZT ^ Ji'y 7 7 iy V ^y, ^i^^iy') ^ymcDMn^^-xtLtzmf^i-^yi^x^ 

(TFT)f3=t •9«®^ii^mffi^;S£E*e^li^■r■5TFTMc^)?e[ft«^sttov^-rnT'*bav^o v^-rnw^^t. 
mmizm.z^Mmx^^^^(Dmmx$>^mm<Dmmtm^L. zn^amwiiEL <^n^n^o kkw 

if^7&m^cD±izmm<DKm^m2^mw\iEL<mnLtzm.m&m2ii:i. -mtmrnmrnzTtmrnti 
"y-y ^ j^^2&^m-r^mmmm27tx'. m^2umii>h5umm^o)m^24^mA.xm0S(.^n^o z^t^ 

i^-^^ithn^o ^fz. myj(Dmm(Dm^\zm-r^mizit. m^^^^&^nm^n-^xmmi&i±^fzi^ 
iz, mi^m23. 25msk^nx\^i>o w^z. ^m&m7(Dm^24-^M\^Ltj:\>m(Dmm^it. fefflM^28 
tmytm9^^^<o^t^^n^o Rm^mzit. yt^iK\'^yj\^-^Rmi-^tzib(Dmam-^^n'oXi5'o. m 

giJfrWJE^^JnT'^S J;-5}rfd:oTV>S„ Z<DJ:^tj:RmWii. "7 :t h 'J V 7 •< ?*(3 i 0 

oj^jgScL. y ^ ')vi^^y ^mizxK)mm<D^'^f^-yizj^mLxm^^ti^o m^mmmm<Dm^<D^ 
f-^^)vJ^$v^i:iS^tiNB©^li^^^^A?^tg{3)^cSo Ei2(3^-r J;dt3E^j$n/cR.G,B®#B^(±j^i 

20 // m X 30 ^ mCDSa-e. 127/^inOtf ^-CE^USnS ^Oi^-T So S/i, ig?^*tS270D^$ (±0. Smm*^ 1 

30^t. ^oy h ^-r h 10®^ig?gmffil4tt. ?^^S^SB20©2(lim^f3ffi^-rS254)(im©tf -y ^® 
^ -y :y ^ i: 7i O . - y IQumfri)^. dS^-rsS^itfi (10/254) x (10/254) =0. 

00155i;7'=i:<9. 99.8%0mQmtt£^o 

'Aiz. mit)^'bmi^0mLtjijb^^. z(Dmmm(Dm^<Dmmz^\^xmm-t^o y u y v ^ \- locom. 
mm.m\2tTm.mmmuii(Dm{z5y~\5m&(DmEE^wim-ti>t, m^iz x ryxi^^ntzmmo^^mEi 
m\3A>^&^yti)m^i^n?>o mz^ytm^(Dmit^i:^Ltj:\^^m'^it. mtm-^/\:^^mMiz^^^ 

nSo ZZX'. m\. m4lzm^&0iZ^Ltz^y\Z. ?SS^^M20©:^r«I^%ii5)n/c^fi^OSS. ^ 

tz. ^mmm.m\4(Dy]\k^^ii: f^ntz^it-m^Hiz J: ■oXRm^nfzmzm^Bm^mm2Q^mmT 
^\tm^^m'^mo(Dmmmm27. ij^y-y ■< }V9 2^. m^m\zmML, i]^~y ^ )V9\z^*)mtR.^ix 

fz^^(D%(D^^CD^t^Rm^U22^3m-t So 

ZZX, Km^m2(Dmt^-m\zmmin^t^^f^M. ^m.mmMu (ip*>^^a5) hs.Mum2)i(D&. 

t. 7oy h^^- ^:&^lfflL^cv^i#^^3^H/i>?>AS^■rs^A^sl^g^5*^^3glJ]l•rs»*^^s<^co. ^0 
i^m. *^*'Ht< i^j:So ^®j;d{3. mm%<Dmm%^ii. yuyv=7-(V(D%\z^^mm.^i^h^m^ 

m (iPt,^^a5) csi/A^-^^^u^') zL(D-m\zAmmt^i^j^s-t 

S=t-5^3?gfi5^$nTV^S0^*. r © J;d/j:*tt{3 JiSI^OT^So 7n> h M0©^^gl5A^e> 

W.^Bm:^^m.(DK$ii^m2^X(Dmmm.^m\iK±.^^. mi&a) ^y\z%<Dm^'&.\t^< t£\^fzii^\z, K 

mm22\t-m\zm^^n^z}^\zt£h^ EW:i::-r^mm%(Dmm^^. y^yh^^ voytm. 
mt. m^mm.7bmm^n^Mmiz^^-ri>(ox. *ii^©sg«. zo^ytji^mmizmm^n^hcD 

X\ttj:\\ 

Km^m2\zmLtzytit. mm4. :h^-y -< ju9 2m^m(Dmizmi&L. ^\z. ^oy mo©^ 
]g?gm@l4T'ds*^nTv>^^J:v^M^«^^Jityi^^3. TEi^©!i^^t3MSo 3 m^24\zmua^ti 
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±mmmm\zm-:>xi^—izmm^^zii]b^x'^i>o ^tz. ^^(Drnm^mxii^otxtztbrn^ittitm^i)^ 
#^EL^^cv^(^)T^ '^^(Dy^yh^-i h^m^h^mmm^^m.(Dm'a-izmmttj:'^tz. mm<D^yt<DWi: 
gL. mm\z=r^^m^(Dm^i}^HmLtzm't<D^m^m'^it. t\^-:>tzmm^m»:t^ziiA^x^^o m 
\z. 7ay h ^-r ^A-e.^-l^?>n/i7fe05&ifAWe^5^SB®^?^^3fflv^e>n. ^if-^xo^KM^jb-mm 

\>x±(Dm^x\t. ^^wmsi4fe^-©fi-3r4i: L/i*^ m?L\iT)v^-'^L.a)mM-^mmmitLxm^<D 
mn^^ •y^-t^ts:if(oxmiz^K). ^mimi3izmLtj:^^m(D^mizyt^^m-r^^M^mz^^z 

iiK±(Dmmx\t. 7D> h^^' ^®^fil^^r*5V^T. m^^^m^-m^^mm.mco^i}^^ 'yi^a.mzJ^i7- 
yit^irlxmss^^ni>m^mftzi}\ :^^m\tzn^(om0SL^m(Dm-ik\zum^tja^^h(Dx\its:\\ m 
t>. y^y h h<DmEZwmx$>^^mimii^mm.mt^'^^-y'(tLxijmm<D^3^Am^n^o m 
5. 136. m7\t, "^(D^^tjiyr^yh^^ h<Dmm^m<Dmm^m-tm:^mmmx^^o zH^<Dm\zis 
v^T. m\(.h)\z^LtzmMmiim\:^^^M\z{im\:^^^HLx\,^^o m(Dyoy h^-( hmxit. 
^mE\m\wy^^-yititix^mmm,mub(DTmz^^-t^o mmy^yh7^h\Qcx\t. mmm 
m\2ct^y^9 -y<t^nx^m.mw.m\4c<DT^iz:^tE-r^o E!7®7ny h MOd-ea. ^mmmm 
t^mE\mu6tib^^iz^if^-yit^nx^'^mmmm<Dymz^^'t^o zn^(DWjrfti^mit. m\ 
(7)mmmtmcx$>^o ul. m7(Dm:mmxit, ^mEimm(Dmmy?\^<7)mmizij^^mmmudxm 
ion^<Dx. z(Dyo[^^'Mfi>^j!}mm.^ni>;^i]m<Dmmmtmtj:^o ^tz. i2i5*>5>Ei7}3^LfcW 
mmmx\t. ^nyh^-f h (Dmmun^y * ^ y y^y ^ miz^io -^(t-r^jmTb^^niz-E^w 

\Ztj:^, Z(DX.m(DmMtmit^7.h0mM\Z-^tj:t^^t\>^O^mi3:mij$>i>t}\ SI6i:l2I7tr*3V>Ttt. 

^'f-^x(Dmmmmt(Dmts:K)^^.^-t^ztnz^r,^ yay^^^ h (Dyt(Dmm^^m^\^±x^ ^ 
om^ii^^o —^1. m(DmBZx\t. ^'^mmmi^^^i'-yitLxmiis.Ltzi^^^cDy^tzij^mEi 

^m2ib^^^btj:\,>^m.izm0S(.iti^(DX\ i^^^ib>b^'ii:i^ixtzyt^^mm\zmm^ni>zintm\^o s 
oi. zcDyt^m^m^i;ki^<Dmm. m.\'^ii^^<Dmm<Ds^xmm-r^zi:Hfsjmx^^o 

^tz. iik±x\i, yuy hcD^ 'yiy^i(k(D^^mm/}m^m^mm(DRm^mzmmLxmm:^n 
^m^mi.fxmmLtzo ^mmm(Dummm(DMmtLx, ms^zm-r^oiz. ^ny h^-c hioeo^ >y 
iy^v^cD^mmm.m^. m^am^mm.2o<D^m^Uizi^LX45S.^mLxmm.LtzmGXtLX'b§i^\ z 

— sPfrMT^c^fij-^cij^cT. m^<Dm&7bm'>Lx^x^<D^w±-r^zt:x$>^c '^-ox. m^o^ns. 
(±45St3i5sst5itT'tt7iv^o z(D'^m.'^ym.mnM(Dmwy^^(omTjy5\zX'ox\t. i(k<,zwi.m 
■t=b=^T i-mifi^^x.x. m^mwmm.a)mi7?:'&.m-^'^it-&^^zhti^^^a)x'&.n-^wt^o 

^^i>mm-fi/^9-y{=^T\ym)i}m±-r^o u.^(Dm^<DyuyY^^ v^w.^^m^m.\zmfi-tf) 
^^m^\zh. m'it^\zwL^'rtzm.m^^9-yhm^miy^^m.com^'mm(om.m^^9'-y\z^r,. zo^o 
tii^T \ymt)m±-ri>z}:Lifi:^^o %\z^\m\.fz'^^(D^m^7r^-t'^mmn'^mz^\^x\t. ^tu«i*^ 
mm\zmm:^(D%.\zt!i^tji\^v-<)v\zfj:^^oi-mmMm(D^^^mimz^^^'^\.x\^^o gpt.. 
t(^\z (i. m-^mzm^r ^ i iik7u/N° 9-yt A^s^sacDH^E^ij i: am. bm7bm.2hm.(on&-^n'o ^ -5 

m^WiO)mw:^x-kti\t^\^zhtim<^nx\^i>o gi2c^Lfc«fiSc{i3o^#^fS/r-r^c&, bp*.-;^ 
*5ftfe;^02<s^^3^^^nTv^^©■e. ^^t \^mtm±-r^zhktm\^o ?i -y o./^i' -y^Asmm^"^^^ 
. m^Bmfr^^m.<Dm,m/'^'S'-y<D:fi\Pi->^^mLtz?iv'y3.A9-y(D'&mmm7.^'^ h^Ati^^^^if 

•y i/:x^3PS^<bcD■c^inj:v^o 9yx«. laGii^-r^-i' yt^co/N°:J'->-^, mmz7^-r^nLfz/^9-y^ 

m\'^xhnm(o%mmhn^o 

^tz, ]:x^(Dmmx\t. i]^-y ^ )\'9^^-ti)KMm^^B^m^m.^m^fxmmLtzt)-. i]^-y^)v 
9^^ifj:\'^=^/ ^u(DKmmM^B^^^m.\zht^^m-^^mri>ziiii^x^^o mix, yuy^^^v 
hLxm.mmwLm\z^-^%-t^m^-^m\zmffzii\ mmmMh^m.mm.m.}i^xnmpLx. m^mmn 

m.^ifi^mxi>^. ^©cfc^T^^fiKcov^T^j. ^^m(Dm-(^mmm<Dmj^mm(DmmtEtj:-rzti!)^ 

^^m(Dm~<Dmm<Dmwnz:is\^xit, yayh^^ \'0mm^^mLtzmfiZ'^m^^^o siiott^coj:^ 
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(Document] Specification 
[Title of the Invention] 

LIQUID CRYSTAL DISPLAY DEVICE 
[What is Claimed is:] 
5 [Claim 1] A liquid crystal display device comprising: 

a liquid crystal display device having a plurality of 
reflection means; and 

illumination means which is disposed in front of a display 
surface of the liquid crystal display device and which emits light in 
10 the direction toward the plurality of reflection means, wherein the 
device characterized in that the illumination means has a plurality 
of light-emitting area, and a plurality of light - transmitting area. 

[Claim 2] The liquid crystal display device according to claim 1, 
characterized in that a surface of the light - emi tting area of the 
15 illumination means on the side that does not face the liquid crystal 
display device has light absorbing characteristics. 

[Claim 3] The liquid crystal display device according to claim 1 or 
2, characterized in that the plurality of reflection means of the 
liquid crystal display device are arranged in a first arrangement 
20 pitch, a plurality of the light - emi tting areas of the illumination 

means and a plurality of the light - transmitting areas are arranged in 
a second arrangement pitch, and the second arrangement pitch is an 
integral multiple of the first arrangement pitch. 

[Claim 4] The liquid crystal display device according to claim 1, 

2 5 characterized in that an angle between arrangement direction of the 

plurality of reflection means of the liquid crystal display device 
and that of the plurality of 1 ight - emi tting areas of the illumination 
means is set at any degree other than 0. 

[Claim 5] The liquid crystal display device according to any of 

3 0 claims 1 to 4 , characterized by comprising means for individually 

controlling two or more grouped 1 ight - emi tting areas of the 
illumination means. 

[Claim 6] The liquid crystal display device according to any of 
claims 1 to 5 , characterized in that the illumination means includes 

3 5 a transparent electrode, organic EL material, and opaque electrode 

which are stacked on a transparent substrate. 

[Claim 7] A method for manufacturing the liquid crystal display 
device characterized by: 

the step of forming said transparent electrode on said transparent 

4 0 substrate, the step for forming said organic EL material, and the 

step for forming the patterned opaque electrode overlying said 

organic EL material . 
[Detailed Description of the Invention] 
[Technical Field of the Invention] 
4 5 The present invention relates to a liquid crystal display 

device mounted in a device, such as a mobile phone or personal 

digital assistance like a notebook computer, and more particularly, 

to a reflective- type liquid crystal display device using a front 

light as an auxiliary light source . 
50 [Prior Art] 

Reflect ive - type liquid crystal display devicees using a front 

light have been disclosed in Jpn. Pat. Appln. Laid-Open Publication 

No. 2000-29008, Jpn. Pat. Appln. Laid-Open Publication No. 2000-19330, 

Jpn. Pat- Appln. Laid-Open Publication No. 11-326903, and the like. 
55 Of these, the ref lec tive - type liquid crystal display device using a 

front light disclosed in Jpn. Pat. Appln, Laid-Open Publication No. 

2000-29008 is taken as an example, and will be explained below. 

A conventional ref lective- type liquid crystal display device 

using a front light comprises a liquid crystal display device 120 
6 0 including a reflective electrode 122 and the like, and a front light 

110. As shown in FIG. 12, the front light 110 is disposed on the 
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liquid crystal display device 120. The front light 110 comprises a 
linear light source 111 which is constituted by linearly arranging a 
cold-cathode tube, light - emi t ting diode (LED), or the like, and which 
is disposed at an end portion of a light guiding member 112. Further 
5 in this example, the side surface of the light guiding member 112 

that does not face the liquid crystal display device 120 is processed 
in a staircase pattern, and a protection member 113 is disposed on 
the light guiding member 112. 

10 Here is the operation of the device configured as above. The 

light emitted from the light source 111 enters inside of the light 
guiding member 112 through a side surface 112a thereof. The light is 
then reflected by a reflective surface 112b, so that the direction of 
progress of the light is changed. Thereafter the light is emitted 

15 from an emission surface 112c and enters the liquid crystal display 
device 120. The light that enters the liquid crystal display device 
120 then transmits through a polarizing plate 124, retardation film 
125, transparent substrate 124, and liquid crystal 123 in the 
mentioned order. Finally, the light is reflected by reflective 

2 0 members 122, transmits through the above-mentioned members in reverse 
order, and is emitted from the liquid crystal display device 120. 

Amount of the emitted light is controlled by arrangement 
direction of liquid crystal molecules existed in an upper portion of 
the reflective members 122 . Therefore, an individual control of the 

25 respective reflective members can adjust the voltage to be applied to 
the liquid crystal, which allows arbitrary patterns to be displayed. 
The light emitted from the liquid crystal display device 120, after 
transmitting through the front light 110, reaches an observer (not 
shown) . In the configuration shown in FIG. 12, the protection member 

30 113 prevents the reflective surface 112b from being damaged. 

[Objects of the Invention] 

The conventional reflective- type liquid crystal display device 
using a front light is configured as follows. The light emitted from 

35 the light source, which is disposed at an end portion of the light 

guiding member, propagates through inside of the light guiding member 
Then the traveling direction of the light is changed at the surface 
of the light guiding member, and finally the light illuminates the 
reflective - type liquid crystal display device. Here, designing a 

40 mechanism (e.g., processing the surface into a step-like or prism 

shape) for taking the light out of the light guiding member is very 
important. However, it is difficult to uniformly illuminate the 
entire display area of the liquid crystal display device. 

45 In addition, when an image is displayed by reflecting 

surrounding outside light, the mechanism described above also changes 
a traveling direction of the outside light. It follows that display 
capability may deteriorate when the front light is not used as an 
auxiliary light source. Further, when a foreign matter such as dust, 

50 oil, or the like is adhered to a surface of the light guiding member 
of the front light, light is further dispersed in that portion, which 
makes it difficult to obtain an uniform illumination. The light 
emitted from the light source leaks from the side surface of the 
light guiding member that does not face the liquid crystal display 

55 device. Therefore, the light utilization efficiency is low. 

Some liquid crystal display devices have a function 
(hereinafter, referred to as "partial display") of displaying 
information such as time, condition of communication environment, or 
60 the like using only a part of display area, as popularized in the 
display function of, for example, a mobile phone. However, a 
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conventional front light cannot select for illumination only the area 
to be displayed - 

The present invention has been contrived in view of the above 
5 situation, and an object thereof is to realize, at a low cost, a 
reflective - type liquid crystal display device comprising a front 
light, which can efficiently and uniformly illuminate a liquid 
crystal display device and whose display capability is not adversely 
affected even if a foreign matter is adhered to a surface of the 
10 front light. 

Another object of the present invention is to realize a 
reflective - type liquid crystal display device having a partial 
display function at a low cost. 

15 [Means for Achieving the Objects] 

According to the liquid crystal display device as defined in 
claim 1 of the present invention characterized by: 
A liquid crystal display device comprising: 
a liquid crystal display device having a plurality of 
20 reflection means; and 

illumination means which is disposed in front of a display 
surface of the liquid crystal display device and which emits light in 
the direction toward the plurality of reflection means, the device 
characterized in that the illumination means has a 1 ight - emitting 
25 area including a material capable of emitting light when being 
supplied with a current, and 1 ight - transmitting area. 

According to the liquid crystal display device as defined in 
claim 2 of the present invention characterized in that a surface of 
30 the light : emitting area of the illumination means on the side that 
does not face the liquid crystal display device has light absorbing 
characteristics . 

According to the liquid crystal display device as defined in 
35 claim 3 of the present invention characterized in that the plurality 
of reflection means of the liquid crystal display device are arranged 
in a first arrangement pitch, a plurality of the light - emitting areas 
of the illumination means and a plurality of the light - transmitting 
areas are arranged in a second arrangement pitch, and the second 
4 0 arrangement pitch is an integral multiple of the first arrangement 
pitch . 

According to the liquid crystal display device as defined in 
claim 4 of the present invention characterized in that an angle 
45 between arrangement direction of the plurality of reflection means of 
the liquid crystal display device and that of the plurality of light- 
emitting areas of the illumination means is set at any degree other 
than 0 . 

50 According to the liquid crystal display device as defined in 

claim 5 of the present invention characterized by comprising means 
for individually controlling two or more grouped light - emitting areas 
of the illumination means. 

55 According to the liquid crystal display device as defined in 

claim 6 of the present invention characterized in that the 
illumination means includes a transparent electrode, organic EL 
material, and opaque electrode which are stacked on a transparent 
substrate. 

60 

According to the liquid crystal display device as defined in 
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claim 7 of the present invention characterized in that the 
illumination means has a structure in which the transparent electrode 
is formed on the transparent substrate, the organic EL material is 
formed on the transparent electrode, and the patterned opaque 
5 electrode is formed on the organic EL material. 

[Embodiments] 
(First embodiment of the present invention] 

Embodiments of the present invention will be described below 

10 with reference to the accompanying drawings, FIGS. 1 (a) and 1 (b) 
are explanatory views schematically showing main components of a 
liquid crystal display device and their arrangements in a first 
embodiment of the present invention. The liquid crystal display 
device according to the present invention comprises a liquid crystal 

15 display device 20 and a front light 10 disposed above the device 20, 
as shown in FIG. 1 (a) . As shown in the cross - sec tional view of FIG. 
1 (b) , the front light 10 is formed by stacking, on a transparent 
substrate 11, a transparent electrode 12, electro - luminescence (EL) 
layer 13, which is made of an organic material, and opaque electrode 

2 0 14 in this order. A protection layer 15 is provided on a surface of 

the front light 10. 

In the liquid crystal display device 20, a transparent 
substrate 21 including a plurality of reflective members 22 and an 
25 orientation film 23, and a transparent substrate 27 including a color 
filter 26 and an orientation film 25 sandwich a liquid crystal 24. 
FIG- 2 is an explanatory view showing positional relationship between 
the opaque electrode 14 of the front light 10 and the color filter 26 
of the liquid crystal display device 20. As shown in FIG. 3, the 

3 0 opaque electrode 14 of the front light 10 has a mesh- like shape, and 

has a connection terminal for applying voltage. FIG. 2 shows that 
one grid of the opaque electrode 14 of the front light 10 corresponds 
to four pixels of the liquid crystal display device 20. As 
schematically shown in FIG. 2, the ratio of area that the opaque 

3 5 electrode 14 occupies should be extremely small. 

FIG. 4 is an explanatory view showing a configuration in the 
vicinity of the terminal for applying voltage to two electrodes 
(opaque electrode 14 and transparent electrode 12) of the front light 
10. As shown in FIG. 4, the transparent electrode 12 is uniformly 

4 0 formed on a surface of the transparent substrate 11, and a 

substantially entire surface thereof except the portion where the 
terminal is disposed is covered by the organic EL layer 13, which is 
an insulating layer. The opaque electrode 14 formed on the organic 
EL layer 13 is not in contact with the transparent electrode 12. The 
45 front light 10 and liquid crystal display device 20 may be retained 
with an air layer interposed therebetween, and may be fixed using an 
optical adhesive whose refraction index is substantially the same as 
that of the transparent substrate. 

5 0 Hereinafter, the embodiment of the present invention will be 

described in detail with a material, manufacturing method, and 
numeric value taken as concrete examples. A glass, plastic substrate, 
film substrate or the like that has a thickness in the range of 0.3 
to 1 mm is used for the transparent substrate 11 of the front light 

55 10. As for the transparent electrode 11, an indium tin oxide (ITO) 
film or the like is formed on the entire surface of the transparent 
substrate 11 by a sputtering method. In the case where ITO is used 
as a material of the transparent electrode 11, sheet resistance 
should be about 20/0, and thickness thereof about 100 nm . As for the 

60 organic EL layer 13, two- layer structure including a light - emitting 
layer and hole injection transporting layer, three-layer structure 
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including an electron injection transporting layer in addition to the 
above two layers, and a structure in which a thin insulating film is 
disposed to an interface with a metal electrode are known. Any of 
these structures can be applied to the liquid crystal display device 
5 shown in FIG, 1 (b) . 

That is, the relevant layer is referred to as organic EL layer 
13 in FIG. 1 (a) , but a close look confirms that various structures 
described above can be available. As for a method for manufacturing 
the organic EL layer 13, a spin coating method, vacuum deposition 

10 method, ink-jet printing method and the like are known. 

Corresponding to the manufacturing methods, manufacturing conditions 
such as a selection of the organic EL material of high molecular type 
low molecular type or the like, a substrate structure, or a 
manufacturing method of an upper electrode are determined. 

15 In this embodiment, the organic EL layer 13 includes the hole 

injection transporting layer and 1 ight - emitting layer. "As the hole 
injection transporting layer, for example, triarylamine derivative, 
oxadiazole derivative, porphyrin derivative, and the like are used. 
As the light- emitting layer, for example, metal complex of 8- 

2 0 hydroxyquinoline and derivative thereof, te traphenylbutadiene 

derivative, distyrylaryl derivative, and the like are used. These 
materials described above are stacked together by vacuum deposition 
method to form the organic EL layer with the hole injection 
transporting layer and 1 ight - emitting layer each having thickness of 

2 5 about 50 nm. In this case, a metallic shadow mask is used to prevent 

the organic EL materials from being deposited on the terminal area of 
the transparent electrode 12 shown in FIG. 4. Note that desired 
wavelength of light can be selected through a choice of the materials 
In this example, materials of the organic EL layer 13 are selected so 

3 0 that the organic EL layer 13 has three-color components having a peak 

at a wavelength of 450 nm, 540 nm, and 630 nm each of which 
corresponds to the light's three primary colors. 

The opaque electrode 14 is formed by, for example, vacuum 
depositing a material such as aluminum- 1 ithium alloy on the organic 

35 EL layer 13 through the metallic shadow mask to a thickness of about 
200 nm. In order to protect the organic EL layer 13 from oxygen or 
moisture, the protection layer 15 made of metal oxide, metal sulfide 
or the like is provided on the entire surface of the front light 10. 
In place of the protection layer 15, a plastic cover can be used to 

40 cover the entire device to act as a seal layer by replacing air with 
inactive gas such as nitrogen, argon or the like. 

Applying voltage to the region formed as described above which 
includes the transparent electrode 12, the opaque electrode 14, and 
the organic EL layer 13 sandwiched by them allows the region to act 

45 as a white light - emitting diode having three emission peaks. In this 
case, the voltage is applied with the transparent electrode 12 being 
an anode, and the opaque electrode 14 being a cathode. 

As for the liquid crystal display device 20, different kinds of 
50 reflective - type liquid crystal display devices having various kinds 
of method for writing signals into pixels can be used. Specifically, 
any of the display devices of a simple matrix type which controls 
orientations of liquid crystal molecules by means of orthogonal - strip 
electrodes, MIM (Metal - Insula tor- Metal ) type which applies voltage to 
55 individual pixel electrodes by means of a diode device formed by 
sandwiching an insulating material by metal, and TFT type which 
applies voltage to individual pixel electrodes by means of thin film 
transistor (TFT) made based on amorphous silicon, polycrys talline 
silicon, and the like without using a diode may be used. In either 
60 case, a plurality of pixels are included in the liquid crystal area 
where voltage to be applied can individually be controlled, and are 
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arranged with regularity. 

FIG. 1 (b) shows an example of a reflective - type liquid crystal 
display device capable "of color display. The liquid crystal display 
device 20 of FIG. 1 (b) comprises an electrode substrate 21 formed by 
5 arranging a plurality of reflective members 22 with regularity on a 
glass substrate or the like, a transparent substrate 27 including a 
uniformly formed transparent electrode 27 and individualized color 
filter 26, and a liquid crystal 24 having a thickness of about 2 ^m 
to 5 ^m disposed between the electrode substrate 21 and the 

10 transparent substrate 27 . The transparent substrate 27 and the 

electrode substrate 21 are positioned such that the color filter 26 
and the reflective members 22 have one to one relation with each 
other. Further, orientation films 23, 25 are formed on the surfaces 
of the both substrates that contact the liquid crystal in order to 

15 arrange the liquid crystal molecules at a specific angle. 

A retardation film 28 and polarizing plate 29 are bonded in 
this order to the surface of the transparent substrate 27 on the side 
that does not face the liquid crystal 24. The reflective members 22 
have a concave and convex shape for reflecting light widely, and 

20 voltage can be applied individually to reflective members. The 
reflective members configured as above are formed in the 
manufacturing step as follows: forming a concave and convex shape on 
a material such as polyimide or the like by photolithography; forming 
a material having high reflectance such as aluminum or the like on 

25 the concave and convex shape by sputtering; and individual patterns 
are obtained by photolithography. A pixel, which is a unit of 
display in a liquid crystal display device, is constituted by three 
color filters R, G, and B as one set. 

As an arrangement pitch of pixels becomes small, a high 

3 0 resolution image can be displayed. For example, assume that each of 
the pixels, R, G, and B arranged as shown in FIG. 2 have a size of 
about 120 jLim ^ 30 pm, and are arranged in a 127 \xm pitch. Further, a 
thickness of the transparent substrate 27 is assumed to be about 0.3 
mm to 1 mm. It follows that mesh of the opaque electrode 14 of the 

3 5 front light 10 has a 254 ^im pitch corresponding to two pixels of the 

liquid crystal display device 20. With a pattern width being 10 Jim, 
area ratio that the opaque electrode occupies is (10/254) ^ (10/254) 
= 0.00155, which corresponds to open area ratio of 99.8 %. 

4 0 Next, descriptions will be made of operations in the embodiment 

with reference to FIG. 1 to FIG. 4. When a voltage of about 5V to 
15V is applied to the region between the transparent electrode 12 and 
the opaque electrode 14, a white light is emitted from the organic EL 
layer 13 sandwiched between the transparent electrode 12 and opaque 

45 electrode 14. In this case, unless some particular contrivance is 
made in the design of a 1 ight - emi tting device, the light is 
isotropically emitted in every direction. As schematically shown in 
FIGS. 1 and 4, the light emitted in the direction of the liquid 
crystal display device 20 illuminates the device 20 directly. On the 

50 other hand, the light emitted in the direction of the opaque 
electrode 14 is once reflected by the electrode 14, and then 
illuminates the liquid crystal display device 20. 

The light transmits through the transparent electrode 27, color 
filter 26, and the like. Only light component having the wavelength 

55 selected by the color filter reaches the reflective members 22. 
Whether surfaces of the reflective members 22 are illuminated 
uniformly or not depends upon positional relationship between the 
transparent electrode 14 (or 1 ight - emi tting section) and the 
reflective members 22. The larger'an arrangement pitch of the light- 

60 emitting section is, the greater the ununifomity of illumination 

distribution on the surface that the reflective members exist becomes. 
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Conversely, when the arrangement pitch is made smaller, an area that 
the opaque electrode occupies becomes larger. 

In this case, if the front light is not used, a possibility 
that incident light from surrounding area reaches the reflective 
5 members becomes lower. As a result, displayed image becomes dark. 
Therefore, positional relationship between the opaque electrode and 
reflective members must be determined with utilization efficiency of 
the ambient light and illumination distribution obtained by the light 
of the front light taken into consideration. In view of the above 

10 situation, positional relationship between the mesh-like opaque 

electrode (or light - emi tting section) and reflective members (and the 
color filter) is controlled such that one grid of the mesh 
corresponds to four pixels, as shown in FIG. 2. 

A distance from the 1 ight - emi tting section of the front light 

15 10 to the reflective members 22 of the liquid crystal display device 
is 0.6 mm or more, and directivity of the light is not high as 
described above. As a result, the reflective members 22 are 
illuminated uniformly. Naturally, since the target utilization 
efficiency of the ambient light and the amount of the light of the 

20 front light and the like depend on the environment where the display 
device is actually used, effect of the present invention are not 
limited to the numeric values described above. 

The light that reaches the reflective members 22 transmits, in 
25 turn, through the liquid crystal 24, color filter 26 and the like in 
the opposite order. The light then transmits through the region that 
is not occupied by the opaque electrode 14 of the front light 10, and 
finally reaches an observer (not shown) . The amount of the traveling 
light is controlled by the voltage applied to the liquid crystal 24, 
3 0 so that arbitrary images can be displayed. 

In the liquid crystal display device of the present invention, 
the front light is a planar light source in which the light - emi tting 
section and the transparent section are arranged with regularity. 
35 Therefore, regardless of whether the front light is used or not as an 
auxiliary light, high display capability can be maintained. More 
specifically, when the front light is used as an auxiliary light, 
entire display area of the liquid crystal display device is uniformly 
illuminated . 

40 Further, since a particular mechanism for changing the 

direction of outside light is not provided, the problem that the 
conventional reflective - type liquid crystal display device with a 
front light has been faced with, that is, the problem that display 
capability degrades due to dispersion of outside light and adhesion 

45 of a foreign matter such as dust, oil, or the like to a surface of 

the front light can be solved.- Further, almost all the light emitted 
from the front light is used for illuminating the liquid crystal 
display device, and almost all the reflected light reaches the 
observer. Therefore, it can be said that high utilization efficiency 

50 of light can be obtained when the front light is used. 

While a single material is used for the opaque electrode 14 in 
the above description, the surface of the opaque electrode 14 on the 
side that does not face the organic EL layer 13 may have light 

55 absorption characteristics by a process such as anodizing the 

aluminum surface and coating the resultant surface with a black 
pigment. In this case, a light component of the incident light that 
cannot transmit through the front light is absorbed by the opaque 
electrode. This prevents a contrast of the liquid crystal display 

6 0 device from being reduced owing to reflection by the opaque electrode, 
thereby obtaining a high contrast. 
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In the configuration of the front light described above, only 
the opaque electrode except the terminal area is patterned in a mesh- 
like shape, but the present invention does not put limitations on the 
5 shape of the components of the front light. More specifically, same 
advantages can be obtained even if the organic EL layer and the 
transparent electrode, which constitute the front light, are also 
patterned. FIGS. 5 to 7 are schematic sectional view showing a 
modification of the front light. In these drawings, the same parts 

10 as those in the embodiment shown in FIG. 1 (b) are indicated by the 
same reference numerals. 

In the front light 10b shown in FIG. 5, the patterned organic 
EL layer 14b is disposed under the opaque electrode 14b. In the 
front light 10c of FIG. 6, patterned transparent electrode 12c is 

15 disposed under the opaque electrode 14c. In the front light lOd of 
FIG. 7, both the transparent electrode 12d and organic EL layer 14d 
are patterned, and are disposed under the opaque electrode 14d. 
Operations and effects of the front lights configured as above are 
the same as those of the embodiment of FIG. 1. 

2 0 It should be noted that the example of FIG. 7 differs from 

other examples in the point that the side surfaces in the film 
thickness direction of the organic EL layer 13d are covered by the 
opaque electrode 14d, so that the light to be headed in this 
direction is blocked. In addition, an extra process is required to 

2 5 pattern an electrode material of the front light by photolithography 

in the modifications shown in FIGS. 5 to 7 . The increase in the 
number of process leads to increase in the manufacturing cost. 
However, in the case of FIGS. 6 and 7, a removal of overlap in the 
transparent electrode and organic EL layer in the terminal area 
30 increases utilization efficiency of the light of the front light. 

In the configuration shown in FIG. 4, the organic EL layer 13 
and transparent electrode 12 also exist in the lower portion of the 
terminal area formed by patterning the opaque electrode 14 . 
Accordingly, light is also emitted from this area. However, since 

3 5 the terminal area is formed in the region that the reflective members 

22 of the liquid crystal display device do not exist, the light 
emitted from the terminal area is not utilized for display. As a 
matter of course, it is possible to utilize this light for display 
other than liquid crystal display, or for illuminating outside. 

40 

Further, in the embodiment described above, mesh- like emitting 
areas of the front light are arranged to correspond to the reflective 
members. As a modification of the present embodiment, as shown in 
FIG. 8, the mesh- like opaque electrode of the front light lOe may be 
45 inclined at a 45 degree angle with respect to the reflective members 
22 of the liquid crystal display device 20. An object of this 
configuration is to prevent red brightness of the opaque electrode 
from decreasing visually depending on, for example, the amount of 
area that the opaque electrode overlaps with a part of pixel column R 

5 0 in accordance with a change in view angles, when the observation of 

the pattern of FIG. 2 is made from above. Accordingly, alignment 
angle between the opaque electrode and reflective members is not 
limited to 45 degree. Note that a moire fringe, which is explained 
later, occurs depending on the above alignment angle, arrangement 
55 pitch of the opaque electrode or the like. The moire fringe lowers 
display capability of the liquid crystal display device. 

Generally, when one pattern having a predetermined cycle is 
superposed on the other pattern having a different cycle, a regular 

6 0 pattern (moire fringe) defined by the two cycles occurs. Also, in 

the case where the conventional front light is superposed on the 
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liquid crystal display device, such a moire fringe may occur due to 
difference between the regulated pattern provided in the light 
guiding member and that' of the components of the liquid crystal 
display device. In the above-mentioned publication showing the prior 
5 art, the condition of the components is determined by some 

experiments so that occurrence of a moire fringe is reduced to an 
acceptable level. More specifically, angle between the one - 
dimensional pattern provided in the light guiding member and pixel 
arrangement of the liquid crystal display device may be 22.5 to 25 
10 degree. These numeric values are typical to some specific 

experimental conditions and do not have any universality at all. For 
example, these numeric values depend upon experimental conditions 
such as vision of an observer, brightness of the surrounding area, or 
the like. 

15 It is known that a spatial frequency of one pattern may be an 

integral multiple of that of the other pattern in order to prevent a 
moire fringe from occurring when the patterns of different cycles are 
superposed. The configuration shown in FIG. 2 meets this condition, 
that is, one pattern is set to have double the spatial frequency 

2 0 compared to the other. Therefore, a moire fringe does not occur. 

When the meshed pattern is inclined at 45 degree, a spatial frequency 
spectrum of the mesh pattern that has been projected in the direction 
of regulated pattern of the liquid crystal display device does not 
have radical peaks, so that a moire fringe become less obvious from a 
25 practical standpoint. 

In the above embodiment, the opaque electrode of the front 
light has a mesh- like shape. However, of course, the shape is not 
limited to this. For example, also when a striated pattern shown in 

3 0 FIG. 9 or a meandering pattern is employed, the same advantages as 

above can be obtained. 

The ref lec tive - type liquid crystal display device having a 
color filter is taken as an example in the above description, 

3 5 However, the present invention can be applied to a monochrome 

ref lective - type liquid crystal display device that does not have a 
color filter. In addition, the front light configured to emit light 
in the direction toward the transparent substrate is taken as an 
example, but the front light may emit light in the direction toward 

40 the opposite side of the transparent substrate by interchanging the 
position of the transparent electrode with that of the opaque 
electrode. As described above, various substitutions can be made 
without departing from the subject matter of the present invention. 
The configuration obtained in this manner can be regarded as a 

45 modification of the first embodiment of the present invention. 
[Second embodiment of the present invention] 

In a second embodiment of the present invention, divided 
electrodes are used for the front light. FIG. 10 is an explanatory 
view showing a configuration of the front light having divided 

5 0 electrodes. The front light of the second embodiment shown in FIG. 

10 differs from that of the first embodiment in the configuration of 
the opaque electrode. The opaque electrode of the second embodiment 
is divided into three electrodes, and voltages applied to the 
electrodes can be controlled individually. Thus, individual 

55 application of a predetermined voltage to the three electrodes 

arranged in parallel with each other can set brightness of the front 
light at three levels in the shape of the electrode as shown in FIG. 
10 . 

The configuration described above has an advantage that the 
60 brightness of the front light can be controlled by a simple drive 

circuit. The configuration of the first embodiment can also control 
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the brightness of the front light by adjusting a voltage value 
applied to the organic EL layer. However, to that end, an accurate 
application of the voltage is required with a correct understanding 
of the characteristics in applied voltage and optical output of the 
5 organic EL layer. Three digital signals can set 8 brightness values 
in the configuration of FIG. 10 by applying a voltage of e.g., 5V to 
any of the three electrodes. The digital drive described above makes 
an advanced amplifier circuit unnecessary. Naturally, an increase in 
the number of electrode can control the brightness more accurately. 

10 

In the description described above, the opaque electrode is 
used as an example of divided electrodes of the front light, but the 
same advantages can be obtained if the transparent electrode is 
divided into multiple electrodes. Accordingly, the configurations 
15 like this can be regarded as a modification of the second embodiment 
of the present invention. 

[Third embodiment of the present invention] 

In the second embodiment, all the divided multiple electrodes 
of the front light cover the substantially entire region of the 
2 0 display area of the liquid crystal display device. However, for 
example, the divided two opaque electrodes of the front light may 
respectively cover the separated display area of the liquid crystal 
display device. This configuration has an advantage that a specific" 
area of the liquid crystal display device can be illuminated 

2 5 individually. This configuration is used for, for example, a partial 

display function of a mobile phone. 

In the description described above, the opaque electrode is 
used as an example of divided electrodes of the front light, but the 

3 0 same advantages can be obtained if the transparent electrode is 

divided into multiple electrodes. Accordingly, the configurations 
like this can be regarded as a modification of the third embodiment 
of the present invention. 

3 5 [Advantages of the Invention] 

Advantages of the present invention will be described based on 
the embodiments. Through all the embodiments, the liquid crystal 
display device according to the present invention exhibits the 
advantages described below. According to the present invention, the 

4 0 liquid crystal display device can be illuminated uniformly and 

efficiently, so that favorable display capability can be obtained. 
In addition, display capability is not adversely affected even if a 
foreign matter is adhered to a surface of the front light. 
Furthermore, the number of the parts required for assembly is smaller 
45 compared to the conventional front light using the light guiding 
member, which can reduce the manufacturing cost. 

In addition to the advantages described above, the liquid 
crystal display device of the second embodiment exhibits another 
50 advantage that the brightness of the front light can be controlled by 
a simple drive circuit. 

Furthermore, the liquid crystal display device of the third 
embodiment exhibits another advantages that a reflective liquid 
55 crystal display device having a partial display function can be 
realized at a low cost, as well as the advantages in the first 
embodiment. 

[Brief Description of the Drawings] 
[FIG. 1] 

6 0 Explanatory views schematically showing a configuration of the 

liquid crystal device using a front light according to a first 
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embodiment . 
[FIG. 21 

An explanatory view showing positional relationship between the 
opaque electrode of the front light and the color filter of the 
5 liquid crystal display device, both included in the liquid crystal 
display device. 
[FIG. 3] 

An explanatory view showing a shape of the opaque electrode of 
the front light included in the liquid crystal display device. 
10 [FIG. 4] 

A perspective view schematically showing a configuration of a 
part of the front light included in the liquid crystal display device 
and an operation of the front light. 
[FIG. 53 

15 A schematic sectional view showing a modification of the front 

light included in the liquid crystal display device. 
[FIG. 6] 

A schematic sectional view showing another modification of the 
front light included in the liquid crystal display device. 
20 [FIG. 7] 

A schematic sectional view showing still another modification 
of the front light included in the liquid crystal display device. 
[FIG. 8] 

Explanatory views showing a modification of the liquid crystal 
25 display device. 
[FIG. 9] 

An explanatory view showing a modification of the opaque 
electrode of the front light included in the liquid crystal display 
device . 
30 [FIG. 10] 

An explanatory view showing a shape of the opaque electrode of 
the front light in the liquid crystal display device using a front 
light of a second embodiment . 
[FIG. 11] 

3 5 An explanatory view showing a shape of the opaque electrode of 

the front light in the liquid crystal display device using a front 
light of a third embodiment. 
[FIG. 12] 

A schematic sectional view showing an embodiment of the liquid 

4 0 crystal display device using a conventional front light. 

[Explanation of Reference Symbols] 
10: Front light 
11: Transparent substrate 
12, 27: Transparent electrode 
Organic EL layer 
Opaque electrode 
Protection layer 
Liquid crystal display device 
Electrode substrate 
Reflective member 
23, 25: Orientation film 
Liquid crystal 
Color filter 
Retardation film 
Polarizing plate 

Diffraction grating for color separation 
110: Front light 
111: Linear light source 
112: Light guiding member 
60 112a: Incident surface 

112b: Reflection surface 



45 13 
14 
15 
20 
21 

50 22 



24 
26 
28 

55 29 
30 
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112c: Emission surface 

113: Protection surface 

120: Liquid crystal display device 

121: Electrode substrate 

122 : Reflective member 

123: Liquid crystal 

124 : Transparent substrate 

125: Retardation film 

126: Polarizing plate 
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10: Front light 

11; Transparent substrate 

12: Transparent electrode 

13: Organic EL layer 

14: Opaque electrode 

15: Protection layer 

20: Liquid crystal display device 

21: Electrode substrate 

22: Reflective member 

23: Orientation film 

24: Liquid crystal 

25: Orientation film 

26: Color filter 

27 : Transparent substrate 

28: Retardation film 

29: Polarizing plate 
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111: Linear light source 121: Electrode substrate 

112: Light guiding member Reflective member 

112a: Incident surface '• Liquid crystal 

112b: Reflection surface 124: Transparent substrate 

112c: Emission surface 125: Retardation film 

113: Protection surface ^2^* Polarizing plate 



[Document] Abstract 

[Abstract] 

[Object] 

5 By using a conventional front light installed at tlie edge 

portion of the light guiding members, it is difficult to illuminate a 
ref lec tive - type crystal display device efficiently and uniformly. In 
addition, display capability degrades if a foreign matter adheres to 
a surface of the light guiding member. Also, it is difficult to 
10 realize the ref lec tive - type crystal display device having a partial 
display function at a low cost. 
[Means for Achieving the Object] 

An illumination means disposed in front of a display surface of the 
liquid crystal display device for emitting light in the direction 

15 toward the liquid crystal display device, wherein the illumination 
means has a plurality of light - emitting area, and a plurality of 
light- transmitting area, a surface opposing to the 1 ight - emitting 
area of the device has light absorbing property. The plurality of 
reflection means are arranged in a first arrangement pitch, a 

2 0 plurality of the light - transmitting areas are arranged in a second 
arrangement pitch, and the second arrangement pitch is an integral 
multiple of the first arrangement pitch. An angle between 
arrangement 'direction of the plurality of reflection means of the 
liquid crystal display device and that of the plurality of light- 

25 emitting areas of the illumination means is set at any degree other 
than 0. A plurality of the illuminating areas of the illumination 
means is controlled individually as two or more groups of light- 
emitting areas. 

30 [Elected Figure] FIG. 1 
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NEC Corporation 
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Request for Patent Application 

Dear Sirs : 

Please arrange the application based on the business 
contract article 2 signed between our company and your firm. 

Sincerely 
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1. Requested invention 

Request No. 08881-02524 
Serial No. 34803411 

Request for examination: Suspended 
Application type: Normal 
Applicants: NEC independent 
International Application : Requested 
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Form of disclosure: Disclose by complete specification 
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2 . Description of Invention (or draft specification) and draft 

drawings . 
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[Document] Specification 
[Title of the Invention) 

LIQUID CRYSTAL DISPLAY DEVICE 
[What is Claimed is:] 
5 [Claim 1] A liquid crystal display device comprising: 

a liquid crystal display device having a plurality of 
reflection means; and 

illumination means which is disposed in front of a 
display surface of the liquid crystal display device and 

10 which emits light in the direction toward the plurality of 
reflection means, the device characterized in that the 
illumination means has a light - emitting area including a 
material capable of emitting light when being supplied with 
a current, and light - transmitting area. 

15 [Claim 2] The liquid crystal display device according to 

claim 1, characterized in that a surface of the light- 
emitting area of the illumination means on the side that 
does not face the liquid crystal display device has light 
absorbing characteristics . 

20 [Claim 3] The liquid crystal display device according to 

claim 1 or 2, characterized in that the plurality of 
reflection means of the liquid crystal display device are 
arranged in a first arrangement pitch, a plurality of the 
light - emitting areas of the illumination means and a 

25 plurality of the light- transmitting areas are arranged in a 
second arrangement pitch, and the second arrangement pitch 
is an integral multiple of the first arrangement pitch. 



[Claim 4] The liquid crystal display device according to 
claim 1, characterized in that an angle between arrangement 
direction of the plurality of reflection means of the liquid 
crystal display device and that of the plurality of light- 
emitting areas of the illumination means is set at any 
degree other than 0 . 

[Claim 5] The liquid crystal display device according to 
any of claims 1 to 4 , characterized by comprising means for 
individually controlling two or more grouped light - emitting 
areas of the illumination means. 

[Claim 6] The liquid crystal display device according to 
any of claims 1 to 5 , characterized in that the illumination 
means includes a transparent electrode, organic EL material, 
and opaque electrode which are stacked on a transparent 
subs tra te . 

[Claim 7] The liquid crystal display device according to 
claim 6, characterized in that the illumination means has a 
structure in which the transparent electrode is formed on 
the transparent substrate, the organic EL material is formed 
on the transparent electrode, and the patterned opaque 
electrode is formed on the organic EL material. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to a liquid crystal 
display device mounted in a device, such as a mobile phone 
or personal digital assistance like a notebook computer, and 



more particularly, to a ref lec tive - type liquid crystal 
display device using a front light as an auxiliary light 
source . 
[0002] 
5 [Prior Art] 

Ref lective - type liquid crystal display devicees using a 
front light have been disclosed in Jpn . Pat. Appln. Laid- 
Open Publication No. 2000-29008, Jpn. Pat. Appln. Laid-Open 
Publication No. 2000-19330, Jpn. Pat. Appln, Laid-Open 

10 Publication No. 11-326903, and the lilce. Of these, the 

ref lec tive - type liquid crystal display device using a front 
light disclosed in Jpn. Pat. Appln. Laid-Open Publication No. 
2000-29008 is taken as an example, and will be explained 
below . 

15 [0003] 

A conventional ref lec tive- type liquid crystal display 
device using a front light comprises a liquid crystal 
display device 120 including a reflective electrode 122 and 
the li}ce, and a front light 110. As shown in FIG. 12, the 

20 front light 110 is disposed on the liquid crystal display 
device 120. The front light 110 comprises a linear light 
source 111 which is constituted by linearly arranging a 
cold-cathode tube, light - emitting diode (LED), or the like, 
and which is disposed at an end portion of a light guiding 

25 member 112. Further, in this example, the side surface of 
the light guiding member 112 that does not face the liquid 
crystal display device 120 is processed in a staircase 



pattern, and a protection member 113 is disposed on the 
light guiding member 112. 
[0004] 

Here is the operation of the device configured as above. 
5 The light emitted from the light source 111 enters inside of 
the light guiding member 112 through a side surface 112a 
thereof. The light is then reflected by a reflective 
surface 112b, so that the direction of progress of the light 
is changed. Thereafter the light is emitted from an 

10 emission surface 112c and enters the liquid crystal display 
device 120. The light that enters the liquid crystal 
display device 120 then transmits through a polarizing plate 
124, retardation film 125, transparent substrate 124, and 
liquid crystal 123 in the mentioned order. Finally, the 

15 light is reflected by reflective members 122, transmits 

through the above-mentioned members in reverse order, and is 
emitted from the liquid crystal display device 120. 
[0005] 

Amount of the emitted light is controlled by 
20 arrangement direction of liquid crystal molecules existed in* 
an upper portion of the reflective members 122. Therefore, 
an individual control of the respective reflective members 
can adjust the voltage to be applied to the liquid crystal, 
which allows arbitrary patterns to be displayed. The light 
25 emitted from the liquid crystal display device 120, after 
transmitting through the front light 110, reaches an 
observer (not shown). In the configuration shown in FIG. 12, 



the protection member 113 prevents the reflective surface 
112b from being damaged. 
[0006] 

[Objects of the Invention] 
5 The conventional ref lec tive - type liquid crystal display 

device using a front light is configured as follows. The 
light emitted from the light source, which is disposed at an 
end portion of the light guiding member, propagates through 
inside of the light guiding member. Then the traveling 

10 direction of the light is changed at the surface of the 

light guiding member, and finally the light illuminates the 
ref lec tive - type liquid crystal display device. Here, 
designing a mechanism (e.g., processing the surface into a 
step- like or prism shape) for taking the light out of the 

15 light guiding member is very important. However, it is 

difficult to uniformly illuminate the entire display area of 
the liquid crystal display device. 
[0007] 

In addition, when an image is displayed by reflecting 
20 surrounding outside light, the mechanism described above 

also changes a traveling direction of the outside light. It 
follows that display capability may deteriorate when the 
front light is not used as an auxiliary light source. 
Further, when a foreign matter such as dust, oil, or the 
25 like is adhered to a surface of the light guiding member of 
the front light, light is further dispersed in that portion, 
which makes it difficult to obtain an uniform illumination. 
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The light emitted from the light source leaks from the side 
surface of the light guiding member that does not face the 
liquid crystal display device. Therefore, the light 
utilization efficiency is low. 
5 [0008] 

Some liquid crystal display devices have a function 
(hereinafter, referred to as "partial display") of 
displaying information such as time, condition of 
communication environment, or the like using only a part of 
10 display area, as popularized in the display function of, for 
example, a mobile phone. However, a conventional front 
light cannot select for illumination only the area to be 
displayed . 
[0009] 

15 The present invention has been contrived in view of the 

above situation, and an object thereof is to realize, at a 
low cost, a ref lec tive - type liquid crystal display device 
comprising a front light, which can efficiently and 
uniformly illuminate a liquid crystal display device and 

20 whose display capability is not adversely affected even if a- 
foreign matter is adhered to a surface of the front light. 
[0010] 

Another object of the present invention is to realize a 
ref lec tive - type liquid crystal display device having a 
25 partial display function at a low cost. 
[0011] 

[Means for Achieving the Objects] 
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According to the liquid crystal display device as 
defined in claim 1 of the present invention characterized 
by: 

A liquid crystal display device comprising: 
5 a liquid crystal display device having a plurality of 

reflection means; and 

illumination means which is disposed in front of a 
display surface of the liquid crystal display device and 
which emits light in the direction toward the plurality of 
10 reflection means, the device characterized in that the 

illumination means has a light - emitting area including a 
material capable of emitting light when being supplied with 
a current, and light- transmitting area. 
[0012] 

15 According to the liquid crystal display device as 

defined in claim 2 of the present invention characterized in 
that a surface of the light - emi t ting area of the 
illumination means on the side that does not face the liquid 
crystal display device has light absorbing characteristics. 

20 [0013] 

According to the liquid crystal display device as 
defined in claim 3 of the present invention characterized in 
that the plurality of reflection means of the liquid crystal 
display device are arranged in a first arrangement pitch, a 
25 plurality of the light - emi tting areas of the illumination 
means and a plurality of the 1 ight - transmitting areas are 
arranged in a second arrangement pitch, and the second 
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arrangement pitch is an integral multiple of the first 
arrangement pitch . 
[0014] 

According to the liquid crystal display device as 
5 defined in claim 4 of the present invention characterized in 
that an angle between arrangement direction of the plurality 
of reflection means of the liquid crystal display device and 
that of the plurality of light - emitting areas of the 
illumination means is set at any degree other than 0. 
10 [0015] 

According to the liquid crystal display device as 
defined in claim 5 of the present invention characterized by 
comprising means for individually controlling two or more 
grouped light-emitting areas of the illumination means. 
15 [0016] 

According to the liquid crystal display device as 
defined in claim 6 of the present invention characterized in 
that the illumination means includes a transparent electrode, 
organic EL material, and opaque electrode which are stacked 
2 0 on a transparent substrate. 
[0017] 

According to the liquid crystal display device as 
defined in claim 7 of the present invention characterized in 
that the illumination means has a structure in which the 
25 transparent electrode is formed on the transparent substrate, 
the organic EL material is formed on the transparent 
electrode, and the patterned opaque electrode is formed on 



the organic EL material. 
[0018] 
[Embodiments] 

Embodiments of the present invention will be described 
5 below with reference to the accompanying drawings. FIGS. 1 
(a) and 1 (b) are explanatory views schematically showing 
main components of a liquid crystal display device and their 
arrangements in a first embodiment of the present invention. 
The liquid crystal display device according to the present 

10 invention comprises a liquid crystal display device 20 and a 
front light 10 disposed above the device 20, as shown in FIG. 
1 (a) . As shown in the cross - sec tional view of FIG. 1 (b) , 
the front light 10 is formed by staclcing, on a transparent 
substrate 11, a transparent electrode 12, 

15 electroluminescence (EL) layer 13, which is made of an 

organic material, and opaque electrode 14 in this order. A 
protection layer 15 is provided on a surface of the front 
light 10. 
[0019] 

20 In the liquid crystal display device 20, a transparent ' 

substrate 21 including a plurality of reflective members 22 
and an orientation film 23, and a transparent substrate 27 
including a color filter 26 and an orientation film 25 
sandwich a liquid crystal 24. FIG. 2 is an explanatory view 

25 showing positional relationship between the opaque electrode 
14 of the front light 10 and the color filter 26 of the 
liquid crystal display device 20. As shown in FIG. 3, the 
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opaque electrode 14 of the front light 10 has a mesh- like 
shape, and has a connection terminal for applying voltage. 
FIG. 2 shows that one grid of the opaque electrode 14 of the 
front light 10 corresponds to four pixels of the liquid 
5 crystal display device 20. As schematically shown in FIG. 2, 
the ratio of area that the opaque electrode 14 occupies 
should be extremely small. 
[0020] 

FIG. 4 is an explanatory view showing a configuration 
10 in the vicinity of the terminal for applying voltage to two 
electrodes (opaque electrode 14 and transparent electrode 
12) of the front light 10. As shown in FIG. 4, the 
transparent electrode 12 is uniformly formed on a surface of 
the transparent substrate 11, and a substantially entire 
15 surface thereof except the portion where the terminal is 

disposed is covered by the organic EL layer 13, which is an 
insulating layer. The opaque electrode 14 formed on the 
organic EL layer 13 is not in contact with the transparent 
electrode 12. The front light 10 and liquid crystal display 
20 device 20 may be retained with an air layer interposed 

therebetween, and may be fixed using an optical adhesive 
whose refraction index is substantially the same as that of 
the transparent substrate. 
[0021] 

25 Hereinafter, the embodiment of the present invention 

will be described in detail with a material, manufacturing 
method, and numeric value taken as concrete examples. A 
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glass, plastic substrate, film substrate or the like that 
has a thickness in the range of 0.3 to 1 mm is used for the 
transparent substrate 11 of the front light 10. As for the 
transparent electrode 11, an indium tin oxide (ITO) film or 
5 the like is formed on the entire surface of the transparent 
substrate 11 by a sputtering method. In the case where ITO 
is used as a material of the transparent electrode 11, sheet 
resistance should be about 20/D, and thickness thereof about 
100 nm. As for the organic EL layer 13, two-layer structure 

10 including a 1 ight - emi t t ing layer and hole injection 

transporting layer, three- layer structure including an 
electron injection transporting layer in addition to the 
above two layers, and a structure in which a thin insulating 
film is disposed to an interface with a metal electrode are 

15 known. Any of these structures can be applied to the liquid 
crystal display device shown in FIG. 1 (b) . 
[0022] 

That is, the relevant layer is referred to as organic 
EL layer 13 in FIG. 1 (a), but a close look confirms that 

20 various structures described above can be available. As f or • 
a method for manufacturing the organic EL layer 13, a spin 
coating method, vacuum deposition method, ink-jet printing 
method and the like are known. Corresponding to the 
manufacturing methods, manufacturing conditions such as a 

25 selection of the organic EL material of high molecular type, 
low molecular type or the like, a substrate structure, or a 
manufacturing method of an upper electrode are determined. 
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[0023] 

In this embodiment, the organic EL layer 13 includes 
the hole injection transporting layer and light - emitting 
layer. As the hole injection transporting layer, for 
5 example, triarylamine derivative , oxadiazole derivative , 

porphyrin derivative, and the like are used. As the light- 
emitting layer, for example, metal complex of 8- 
hydroxyquinoline and derivative thereof , 

tetraphenylbutadiene derivative , dis tyrylaryl derivative , 
10 and the like are used. These materials described above are 
stacked together by vacuum deposition method to form the 
organic EL layer wi th the hole in j ec tion transporting layer 
and light - emitting layer each having thickness of about 50 
nm. In this case, a metallic shadow mask is used to prevent 
15 the organic EL materials from being deposi ted on the 

terminal area of the transparent electrode 12 shown in FIG . 
4. Note that desired wavelength of light can be selected 
through a choice of the materials. In this example, 
materials of the organic EL layer 13 are selected so that 
2 0 the organic EL layer 1 3 has three color components having a ' 
peak at a wavelength of 450 nm, 540 nm, and 630 nm each of 
which corresponds to the light's three primary colors. 
[0024] 

The opaque electrode 14 is formed by, for example, 
2 5 vacuum depositing a material such as aluminum- lithium alloy 
on the organic EL layer 13 through the metallic shadow mask 
to a thickness of about 200 nm. In order to protect the 
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organic EL layer 13 from oxygen or moisture, the protection 
layer 15 made of metal oxide, metal sulfide or the like is 
provided on the entire surface of the front light 10. In 
place of the protection layer 15, a plastic cover can be 
5 used to cover the entire device to act as a seal layer by 
replacing air with inactive gas such as nitrogen, argon or 
the like. 
[0025] 

Applying voltage to the region formed as described 
10 above which includes the transparent electrode 12, the 

opaque electrode 14, and the organic EL layer 13 sandwiched 
by them allows the region to act as a white 1 ight - emi t t ing 
diode having three emission peaks. In this case, the 
voltage is applied with the transparent electrode 12 being 
15 an anode, and the opaque electrode 14 being a cathode. 
[0026] 

As for the liquid crystal display device 20, different 
kinds of ref lec tive - type liquid crystal display devices 
having various kinds of method for writing signals into 

20 pixels can be used. Specifically, any of the display 

devices of a simple matrix type which controls orientations 
of liquid crystal molecules by means of orthogonal - strip 
electrodes, MIM (Me tal - Insulator -Metal ) type which applies 
voltage to individual pixel electrodes by means of a diode 

25 device formed by sandwiching an insulating material by metal, 
and TFT type which applies voltage to individual pixel 
electrodes by means of thin film transistor (TFT) made based 
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on amorphous silicon, polycrys tall ine silicon, and the like 
without using a diode may be used. In either case, a 
plurality of pixels are included in the liquid crystal area 
where voltage to be applied can individually be controlled, 
5 and are arranged with regularity. 
[0027] 

FIG. 1 (b) shows an example of a ref lec tive - type liquid 
crystal display device capable of color display. The liquid 
crystal display device 20 of FIG. 1 (b) comprises an 

10 electrode substrate 21 formed by arranging a plurality of 
reflective members 22 with regularity on a glass substrate 
or the like, a transparent substrate 27 including a 
uniformly formed transparent electrode 27 and individualized 
color filter 26, and a liquid crystal 24 having a thickness 

15 of about 2 |um to 5 jam disposed between the electrode 
substrate 21 and the transparent substrate 27. The 
transparent substrate 27 and the electrode substrate 21 are 
positioned such that the color filter 26 and the reflective 
members 22 have one to one relation with each other. 

20 Further, orientation films 23, 25 are formed on the surfaces- 
of the both substrates that contact the liquid crystal in 
order to arrange the liquid crystal molecules at a specific 
angle . 
[0028] 

25 A retardation film 28 and polarizing plate 29 are 

bonded in this order to the surface of the transparent 
substrate 27 on the side that does not face the liquid 
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crystal 24. The reflective members 22 have a concave and 
convex shape for reflecting light widely, and voltage can be 
applied individually to reflective members. The reflective 
members configured as above are formed in the manufacturing 
5 step as follows: forming a concave and convex shape on a 

material such as polyimide or the like by photolithography; 
forming a material having high reflectance such as aluminum 
or the like on the concave and convex shape by sputtering; 
and individual patterns are obtained by photolithography. A 
10 pixel, which is a unit of display in a liquid crystal 

display device, is constituted by three color filters R, G, 
and B as one set. 
[0029] 

As an arrangement pitch of pixels becomes small, a high 
15 resolution image can be displayed. For example, assume that 
each of the pixels, R, G, and B arranged as shown in FIG. 2 
have a size of about 120 pm ^ 30 jum, and are arranged in a 
127 jam pitch. Further, a thickness of the transparent 
substrate 27 is assumed to be about 0.3 mm to 1 mm. It 
20 follows that mesh of the opaque electrode 14 of the front 
light 10 has a 254 \im pitch corresponding to two pixels of 
the liquid crystal display device 20. With a pattern width 
being 10 |um, area ratio that the opaque electrode occupies 
is (10/254) X (10/254) = 0.00155, which corresponds to open 
25 area ratio of 99.8 %. 
[0030] 

Next, descriptions will be made of operations in the 
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embodiment with reference to FIG. 1 to FIG. 4. When a 
voltage of about 5V to 15V is applied to the region between 
the transparent electrode 12 and the opaque electrode 14, a 
white light is emitted from the organic EL layer 13 
5 sandwiched between the transparent electrode 12 and opaque 
electrode 14. In this case, unless some particular 
contrivance is made in the design of a light- emitting device, 
the light is isotropical ly emitted in every direction. As 
schematically shown in FIGS. 1 and 4, the light emitted in 

10 the direction of the liquid crystal display device 20 

illuminates the device 20 directly. On the other hand, the 
light emitted in the direction of the opaque electrode 14 is 
once reflected by the electrode 14, and then illuminates the 
liquid crystal display device 20. 

15 [0031] 

The light transmits through the transparent electrode 
27, color filter 26, and the like. Only light component 
having the wavelength selected by the color filter reaches 
the reflective members 22. Whether surfaces of the 

20 reflective members 22 are illuminated uniformly or not 

depends upon positional relationship between the transparent 
electrode 14 (or 1 ight - emi tting section) and the reflective 
members 22. The larger an arrangement pitch of the light- 
emitting section is, the greater the ununifomity of 

25 illumination distribution on the surface that the reflective 
members exist becomes. Conversely, when the arrangement 
pitch is made smaller, an area that the opaque electrode 
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occupies becomes larger . 
[0032] 

In this case, if the front light is not used, a 
possibility that incident light from surrounding area 
5 reaches the reflective members becomes lower . As a resul t , 
displayed image becomes dark. Therefore, positional 
relationship between the opaque electrode and reflective 
members must be determined with utilization efficiency of 
the ambient light and illumination distribution obtained by 
10 the light of the front light taken into consideration. In 

view of the above situation, positional relationship between 
the mesh-like opaque electrode (or light - emitting section) 
and reflective members (and the color filter) is controlled 
such that one grid of the mesh corresponds to four pixel s , 
15 as shown in FIG. 2. 
[0033] 

A distance from the light - emitting section of the front 
light 10 to the reflective members 22 of the liquid crystal 
display device is 0.6 mm or more, and directivity of the 

20 light is not high as described above. As a result, the 

reflective members 22 are illuminated uniformly. Naturally, 
since the target utilization efficiency of the ambient light 
and the amount of the light of the front light and the like 
depend on the environment where the display device is 

2 5 actually used , effect of the present invention are not 
limited to the numeric values described above. 
[0034] 
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The light that reaches the reflective members 22 
transmits, in turn, through the liquid crystal 24, color 
filter 26 and the like in the opposite order. The light 
then transmits through the region that is not occupied by 
5 the opaque electrode 14 of the front light 10, and finally 
reaches an observer (not shown) . The amount of the 
traveling light is controlled by the voltage applied to the 
liquid crystal 24, so that arbitrary images can be displayed. 
[0035] 

10 In the liquid crystal display device of the present 

invention, the front light is a planar light source in which 
the light-emitting section and the transparent section are 
arranged with regularity. Therefore, regardless of whether 
the front light is used or not as an auxiliary light, high 

15 display capability can be maintained. More specifically, 

when the front light is used as an auxiliary light, entire 
display area of the liquid crystal display device is 
uniformly illuminated . 
[0036] 

20 Further, since a particular mechanism for changing the • 

direction of outside light is not provided, the problem that 
the conventional ref lec tive - type liquid crystal display 
device with a front light has been faced with, that is, the 
problem that display capability degrades due to dispersion 

25 of outside light and adhesion of a foreign matter such as 
dust, oil, or the lilce to a surface of the front light can 
be solved. Further, almost all the light emitted from the 
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front light is used for illuminating the liquid crystal 
display device, and almost all the reflected light reaches 
the observer. Therefore, it can be said that high 
utilization efficiency of light can be obtained when the 
5 front light is used. 
[0037] 

While a single material is used for the opaque 
electrode 14 in the above description, the surface of the 
opaque electrode 14 on the side that does not face the 

10 organic EL layer 13 may have light absorption 

characteristics by a process such as anodizing the aluminum 
surface and coating the resultant surface with a black 
pigment. In this case, a light component of the incident 
light that cannot transmit through the front light is 

15 absorbed by the opaque electrode. This prevents a contrast 
of the liquid crystal display device from being reduced 
owing to reflection by the opaque electrode, thereby 
obtaining a high contrast. 
[0038] 

20 In the configuration of the front light described above,- 

only the opaque electrode except the terminal area is 
patterned in a mesh- like shape, but the present invention 
does not put limitations on the shape of the components of 
the front light. More specifically, same advantages can be 

25 obtained even if the organic EL layer and the transparent 
electrode, which constitute the front light, are also 
patterned. FIGS. 5 to 7 are schematic sectional view 
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showing a modification of the front light. In these 
drawings, the same parts as those in the embodiment shown in 
FIG. 1 (b) are indicated by the same reference numerals. 
[0039] 

5 In the front light 10b shown in FIG. 5, the patterned 

organic EL layer 14b is disposed under the opaque electrode 
14b. In the front light 10c of FIG. 6, patterned 
transparent electrode 12c is disposed under the opaque 
electrode 14c. In the front light lOd of FIG. 7, both the 
10 transparent electrode 12d and organic EL layer 14d are 

patterned, and are disposed under the opaque electrode 14d. 
Operations and effects of the front lights configured as 
above are the same as those of the embodiment of FIG. 1. 
[0040] 

15 It should be noted that the example of FIG. 7 differs 

from other examples in the point that the side surfaces in 
the film thicJcness direction of the organic EL layer 13d are 
covered by the opaque electrode 14d, so that the light to be 
headed in this direction is blocJced. In addition, an extra 

20 process is required to pattern an electrode material of the - 
front light by photolithography in the modifications shown 
in FIGS. 5 to 7. The increase in the number of process 
leads to increase in the manufacturing cost. However, in 
the case of FIGS. 6 and 7, a removal of overlap in the 

25 transparent electrode and organic EL layer in the terminal 
area increases utilization efficiency of the light of the 
front light. 
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[0041] 

In the configuration shown in FIG. 4, the organic EL 
layer 13 and transparent electrode 12 also exist in the 
lower portion of the terminal area formed by patterning the 
5 opaque electrode 14 . Accordingly, light is also emitted 

from this area. However, since the terminal area is formed 
in the region that the reflective members 22 of the liquid 
crystal display device do not exist, the light emitted from 
the terminal area is not utilized for display. As a matter 
10 of course, it is possible to utilize this light for display 
other than liquid crystal display, or for illuminating 
outside . 
[0042] 

Further, in the embodiment described above, mesh- like 
15 emitting areas of the front light are arranged to correspond 
to the reflective members. As a modification of the present 
embodiment, as shown in FIG. 8, the mesh -like opaque 
electrode of the front light lOe may be inclined at a 45 
degree angle with respect to the reflective members 22 of 
20 the liquid crystal display device 20. An object of this 
configuration is to prevent red brightness of the opaque 
electrode from decreasing visually depending on, for example, 
the amount of area that the opaque electrode overlaps with a 
part of pixel column R in accordance with a change in view 
25 angles, when the observation of the pattern of FIG. 2 is 

made from above. Accordingly, alignment angle between the 
opaque electrode and reflective members is not limited to 45 
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degree. Note that a moire fringe, which is explained later, 
occurs depending on the above alignment angle, arrangement 
pitch of the opaque electrode or the like. The moire fringe 
lowers display capability of the liquid crystal display 
5 device. 

[0043] 

Generally, when one pattern having a predetermined 
cycle is superposed on the other pattern having a different 
cycle, a regular pattern (moire fringe) defined by the two 

10 cycles occurs. Also, in the case where the conventional 
front light is superposed on the liquid crystal display 
device, such a moire fringe may occur due to difference 
between the regulated pattern provided in the light guiding 
member and that of the components of the liquid crystal 

15 display device. In the above-mentioned publication showing 
the prior art, the condition of the components is determined 
by some experiments so that occurrence of a moire fringe is 
reduced to an acceptable level. More specifically, angle 
between the one - dimensional pattern provided in the light 

20 guiding member and pixel arrangement of the liquid crystal 
display device may be 22.5 to 25 degree. These numeric 
values are typical to some specific experimental conditions 
and do not have any universality at all. For example, these 
numeric values depend upon experimental conditions such as 

25 vision of an observer, brightness of the surrounding area, 
or the like. 
[0044] 
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It is known that a spatial frequency of one pattern may 
be an integral multiple of that of the other pattern in 
order to prevent a moire fringe from occurring when the 
patterns of different cycles are superposed. The 
5 configuration shown in FIG. 2 meets this condition, that is, 
one pattern is set to have double the spatial frequency 
compared to the other. Therefore, a moire fringe does not 
occur. When the meshed pattern is inclined at 45 degree, a 
spatial frequency spectrum of the mesh pattern that has been 
10 projected in the direction of regulated pattern of the 

liquid crystal display device does not have radical peaks, 
so that a moire fringe become less obvious from a practical 
standpoint . 
[0045] 

15 In the above embodiment, the opaque electrode of the 

front light has a mesh-like shape. However, of course, the 
shape is not limited to this. For example, also when a 
striated pattern shown in FIG. 9 or a meandering pattern is 
employed, the same advantages as above can be obtained. 

20 [0046] 

The ref lec tive - type liquid crystal display device 
having a color filter is taken as an example in the above 
description. However, the present invention can be applied 
to a monochrome ref lec tive - type liquid crystal display 
25 device that does not have a color filter. In addition, the 
front light configured to emit light in the direction toward 
the transparent substrate is taken as an example, but the 
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front light may emit light in the direction toward the 
opposite side of the transparent substrate by interchanging 
the position of the transparent electrode with that of the 
opaque electrode. As described above, various substitutions 
5 can be made without departing from the subject matter of the 
present invention. The configuration obtained in this 
manner can be regarded as a modification of the first 
embodiment of the present invention. 
[0047] 

10 In a second embodiment of the present invention, 

divided electrodes are used for the front light. FIG. 10 is 
an explanatory view showing a configuration of the front 
light having divided electrodes. The front light of the 
second embodiment shown in FIG. 10 differs from that of the 

15 first embodiment in the configuration of the opaque 

electrode. The opaque electrode of the second embodiment is 
divided into three electrodes, and voltages applied to the 
electrodes can be controlled individually. Thus, individual 
application of a predetermined voltage to the three 

20 electrodes arranged in parallel with each other can set 

brightness of the front light at three levels in the shape 
of the electrode as shown in FIG. 10. 
[0048] 

The configuration described above has an advantage that 
25 the brightness of the front light can be controlled by a 
simple drive circuit. The configuration of the first 
embodiment can also control the brightness of the front 
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light by adjusting a voltage value applied to the organic EL 
layer. However, to that end, an accurate application of the 
voltage is required with a correct understanding of the 
characteristics in applied voltage and optical output of the 
5 organic EL layer. Three digital signals can set 8 

brightness values in the configuration of FIG. 10 by 
applying a voltage of e.g., 5V to any of the three 
electrodes. The digital drive described above makes an 
advanced amplifier circuit unnecessary. Naturally, an 
10 increase in the number of electrode can control the 
brightness more accurately. 
[0049] 

In the description described above, the opaque 
electrode is used as an example of divided electrodes of the 

15 front light, but the same advantages can be obtained if the 
transparent electrode is divided into multiple electrodes. 
Accordingly, the configurations like this can be regarded as 
a modification of the second embodiment of the present 
invention . 

2 0 [ 0 0 5 0 ] 

In the second embodiment, all the divided multiple 
electrodes of the front light cover the substantially entire 
region of the display area of the liquid crystal display 
device. However, for example, the divided two opaque 
25 electrodes of the front light may respectively cover the 

separated display area of the liquid crystal display device. 
This configuration has an advantage that a specific area of 
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the liquid crystal display device can be illuminated 
individually. This configuration is used for, for example, 
a partial display function of a mobile phone. 
[0051] 

5 In the description described above, the opaque 

electrode is used as an example of divided electrodes of the 
front light, but the same advantages can be obtained if the 
transparent electrode is divided into multiple electrodes. 
Accordingly, the configurations like this can be regarded as 
10 a modification of the third embodiment of the present 
invention . 
[0052] 

[Advantages of the Invention] 

Advantages of the present invention will be described 

15 based on the embodiments. Through all the embodiments, the 
liquid crystal display device according to the present 
invention exhibits the advantages described below. 
According to the present invention, the liquid crystal 
display device can be illuminated uniformly and efficiently, 

20 so that favorable display capability can be obtained. In 

addition, display capability is not adversely affected even 
if a foreign matter is adhered to a surface of the front 
light. Furthermore, the number of the parts required for 
assembly is smaller compared to the conventional front light 

25 using the light guiding member, which can reduce the 
manufacturing cost . 
[0053] 
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In addition to the advantages described above, the 
liquid crystal display device of the second embodiment 
exhibits another advantage that the brightness of the front 
light can be controlled by a simple drive circuit. 
5 Furthermore, the liquid crystal display device of the third 
embodiment exhibits another advantages that a reflective 
liquid crystal display device having a partial display 
function can be realized at a low cost, as well as the 
advantages in the first embodiment. 
10 [Brief Description of the Drawings] 
[FIG. 1] 

Explanatory views schematically showing a configuration 
of the liquid crystal device using a front light according 
to a first embodiment. 
15 [FIG. 2] 

An explanatory view showing positional relationship 
between the opaque electrode of the front light and the 
color filter of the liquid crystal display device, both 
included in the liquid crystal display device. 
20 [FIG. 3] 

An explanatory view showing a shape of the opaque 
electrode of the front light included in the liquid crystal 
display device, 
[FIG. 4] 

25 A perspective view schematically showing a 

configuration of a part of the front light included in the 
liquid crystal display device and an operation of the front 
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[FIG. 5] 

A schematic sectional view showing a modification of 
the front light included in the liquid crystal display 
device . 
[FIG. 6] 

A schematic sectional view showing another modification 
of the front light included in the liquid crystal display 
device . 
[FIG. 7] 

A schematic sectional view showing still another 
modification of the front light included in the liquid 
crystal display device. 
[FIG. 8] 

Explanatory views showing a modification of the liquid 
crystal display device. 
[FIG. 9] 

An explanatory view showing a modification of the 
opaque electrode of the front light included in the liquid 
crystal display device. 
[FIG. 10] 

An explanatory view showing a shape of the opaque 
electrode of the front light in the liquid crystal display 
device using a front light of a second embodiment. 
[FIG. 11] 

An explanatory view showing a shape of the opaque 
electrode of the front light in the liquid crystal display 
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device using a front light of a third embodiment. 
[FIG. 12] 

A schematic sectional view showing an embodiment of the 

liquid crystal display device using a conventional front 
5 light. 

[Explanation of Reference Symbols] 

10: Front light 

11: Transparent substrate 

12, 27: Transparent electrode 
10 13: Organic EL layer 

14: Opaque electrode 

15: Protection layer 

20: Liquid crystal display device 

21: Electrode substrate 
15 22: Reflective member 

23, 25: Orientation film 

24: Liquid crystal 

26: Color filter 

28: Retardation film 
20 29: Polarizing plate 

30: Diffraction grating for color separation 
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[Document] Abstract 

[Abstract] 

[Object] 

It is difficult for a conventional front liglit in wliicli 
5 a light source is disposed at an end portion of a light 
guiding member to efficiently and uniformly illuminate a 
ref lec tive - type crystal display device. In addition, 
display capability degrades if a foreign matter adheres to a 
surface of the light guiding member. An object of the 
10 present invention is to solve these problems and to realize 
a ref lec tive - type crystal display device having a partial 
display function at a low cost. 
[Means for Achieving the Object] 

An illumination means 10 which is disposed in front of 
15 a liquid crystal display device 20 and which emits light in 
the direction toward the liquid crystal display device 20 
has an area for emitting a plurality of lights and area that 
a plurality of lights transmit through. A surface of the 
light - emitting area of the illumination means on the side 
20 that does not face the liquid crystal display device has 

light absorbing characteristics. A plurality of reflection 
means 14 of the liquid crystal display device is arranged in 
a first arrangement pitch, a plurality of the light - emitting 
areas of the illumination means is arranged in a second 
25 arrangement pitch, and the second arrangement pitch is an 
integral multiple of the first arrangement pitch. 
[Elected Figure] FIG. 1 
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[FIG. 3] 
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[FIG. 9] 




[FIG. 10] 
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